Objectives: Seasonal influenza causes high morbidity worldwide and high mortality in developing countries. As a result, the development of systems for seasonal influenza surveillance has been of great interest. The aim of this study is to explore the potential role of an Emergency Medical System (EMS) call centre to complement traditional surveillance systems of seasonal influenza.
INTRODUCTION
Influenza is an acute viral communicable respiratory disease. Despite being a historically familiar disease, each influenza season presents challenges for healthcare systems due to influenza virus variability. Influenza is responsible each year for a significant morbidity in children and youth, as well as a non-negligible mortality in the elderly and/or people already suffering from an underlying disease (1, 2) . As with other communicable disease, the use of influenza surveillance systems for prevention and control is very important. Rather than justification of the need for surveillance the key point is the effectiveness with which the surveillance is carried out (3) .
Spain added influenza to the system of Notifiable Diseases List (Spanish acronym EDO) in 1904. During the 1970's national influenza reference centres were created in various regions of Spain. These centres allowed the characterization of the circulating virus, but with little representativeness. Since 1980, when they have been more developed, we have a more representative characterization of circulating viruses each season. The need for greater sensitivity and specificity encouraged the authorities to implement a new system in the mid-90s, based on surveillance through the Sentinel Physicians Network (Spanish acronym RMC).
Currently the influenza surveillance is performed at various levels: regional, national, European and global. In Spain, at the regional and national level, surveillance is done by the Notifiable Diseases System, additionally in 16 regions, including the Principality of Asturias, this system is supported by the Network of Sentinel Physicians. This information is processed by the Carlos III Institute of Health, under the Ministry of Health, based in Madrid.
The Sentinel Physicians Network gets information from a network of volunteer doctors working in primary health care of both family medicine and paediatricians. This information is further transmitted to the European level, the European Influenza Surveillance Network (EISN), a system created in 1992 under the auspices of the World Health Organization and this surveillance is currently carried out in 28 EU countries.
There are 1,077,360 people living in Asturias, representing 2.3% of the total population of Spain (47,270,000 inhabitants) (4) . Healthcare is covered mainly by the public sector, resulting in a free of charge system with good accessibility. The public provider is called SESPA, which provides a primary care alongside a hospital care network. The primary care network in Asturias is comprised of 69 health centres arranged within 68 health areas, with 91 on-call points and 12 emergency primary care units. The hospital network comprises 9 head hospitals. In cases where a patient cannot reach either the emergency primary or hospital care networks, they must call the unified emergency call centre: 112 Asturias. Calls related to health have their basic data collected before being transferred to the Emergency Medical System (EMS, Spanish acronym SAMU) if necessary. The Emergency Medical System follows a set of questions to ascertain the diagnosis of the caller. These questions aim to classify and summarise the call using a range of codes. The call then goes to the coordinator physician who has the responsibility to determine what type of resource is most appropriate to resolve the request filed by the caller.
Despite a lack of study, there is a direct link between public health and emergency medical systems: public health can use data collected from Emergency Medical Systems, and EMS can be assessed from a public health perspective (5) . The use of EMS data by the public health system has seldom been studied (6) , but some investigations addressed this relationship (7) . Recently a new study has been published to compare different surveillance systems regarding syndromic influenza surveillance (8) , and some investigations have been developed in emergency departments (9, 10) .
The aim of this study is to explore the potential role of the Emergency Medical System call centre of the Principality of Asturias (Spain) to supplement traditional epidemiological surveillance systems for seasonal influenza by comparing data provided by the emergency calls related to flu syndrome and data from EDO and RMC traditional surveillance systems.
MATERIALS AND METHODS
This is an observational retrospective study in which the results of two traditional systems of epidemiological surveillance, the system of Notifiable Disease List and Sentinel Physicians Network system of influenza are compared with information from emergency calls made to the EMS call centre to determine their differences and explore its ability as a complementary surveillance system.
We have established influenza case definition based on a combination of international clinical definitions of influenza and the codes used to classify calls in the EMS call centre. The latest WHO definition is: "Acute Respiratory Disease, temperature ≥ 38 °C and cough with an onset in the last 7 days" (11). The European Centre for Disease Prevention and Control (ECDC) defines the clinical aspects suggestive of influenza as one that meets the following: sudden or abrupt onset of fever; and/or at least one systemic symptom: malaise, headache and myalgia; and at least one of the following three respiratory: cough, sore throat, shortness/difficulty breathing during the epidemic period (1) . We must also take into account the definition used by the RMC and EDO in Asturias. The first one, defines influenza case as one that fits the characteristics proposed by ECDC, while the EDO system proposes no different characterization to existing ones, only notes that at the slightest suspicion must declare the case.
After studying the definitions and codes that are used in the EMS call centre to classify calls, we have decided that the calls that are going to be used as "compatible" with influenza, so called "case calls", would be those coded as: headache, cold/cold, sore throat, ocular pain, back pain, fever, and sudden onset.
The variables studied were: weekly influenza cases detected by the RMC system meeting their criteria; weekly influenza cases detected by the EDO system (notifications of suspected influenza cases done using that system); calls made to the EMS call centre and their classification in the following categories: headache, cold, sore throat, ocular pain, thoracic, fever, and sudden onset; age in groups (0-4, 5-14, 15-64 and > 65 years); week number in which notifications or calls occur (division of the year into weeks, ISO 8601:2004 standard was used); and symptoms (RMC) collected by the RMC in their reports (fever, sudden onset, myalgia, general malaise, headache, cough, sore throat, dyspnoea, chills, contact with a confirmed influenza case, and a lack of data).
Temporal period of this study is 68 weeks (from week 45 of 2011 to week 8 of 2013). We used this period because it allows us to study from the peak of the 2011-2012 influenza season, and almost half of the 2012-2013 season, period that we consider enough to cover most of the relevant impact. The study of two different influenza seasons for which influenza viruses are not necessarily identical is useful to reinforce the potential findings of this model. The Sentinel Physicians Network makes an influenza surveillance period of 33 weeks a year, so of the total of our 68 weeks of study, we find that we have data for the three systems -objects of the study for a period of 49 weeks.
An analysis of parametric and non-parametric correlations with log transformation to know if there is a proper relation between the different series was performed. The statistical analysis of data was made with the IBM ® SPSS Statistics program V21.
Regarding the ethical aspects of the study, data collection was conducted using aggregate data. The declaration made by the RMC and EDO system is performed by numerical statements providing information such as age, sex and main symptoms but without recording any data that allow the identification of the patient. Meanwhile, data from the EMS call centre, after the processing performed by the staff of the centre, was delivered just knowing the following variables for each call: date and time of the call, age, sex, and codification, meeting all times the provisions of Law 15/1999 of December 13 regarding the protection and treatment of data.
RESULTS
The RMC system, throughout our study period (49 out of 68 weeks because there is a time period in which there is no surveillance in this system), reported a total of 2,354 cases of influenza. The EDO system reported a total of 43,071 cases in the same period, resulting in a weekly average of 641 cases. The EMS call centre received a total of 4,360 calls in these 49 weeks, encoded in any of the following reasons: head cold/cold, sore throat, ocular pain, thoracic, fever or home abrupt. These are the "case calls". In our study period, SAMU Asturias call centre received a total of 180,720 calls asking for medical care, representing a weekly average of 3,688 calls. Figure 1 shows the distribution of the cases recorded by the three systems over the studied period. To facilitate reading, cases of the EDO system are represented as the fraction 1/10 of declared.
Case series of the EDO and EMS call centre systems (Fig.  2) show a positive correlation (R = 0.42) statistically significant (p = 0.003). Case series of the EMS call centre and RMC are correlated (R = 0.38) and statistically significant (p = 0.007). Figure  3 shows the scatter plot between these two series. Case series of the EDO and RMC have a strong positive correlation (R = 0.91) statistically significant (p < 0.001).
The parametrical and non-parametrical analysis of the cases of influenza reported by the three systems (RMC, EDO and EMS call centre) for 49 weeks (excluding the summer months in the system RMC not collected data) show significant positive correlation (p < 0.001) between the three sets of data as shown in Table 1 . The correlation is particularly high in case of EDO and RMC series.
DISCUSSION
Syndromic surveillance systems are based on patients reporting to emergency department or primary care physicians to detect changes in normal disease occurrence pattern (12) . Even automatic outbreak detection systems have been developed (13) . The importance of surveillance systems for public health has been broadly demonstrated. A review of 35 articles has been published (14) in order to review studies that evaluated outbreak detection through automated surveillance systems. This is the first study using data from an Emergency Medical System call centre to explore its potential usefulness in the epidemiological surveillance of seasonal influenza.
Regarding dependent factors of the outbreak, there are articles that demonstrate factors such as the pollen concentration, and the day of the week in question, depending on whether it is a holiday or not, which may have influence and therefore must Fig. 1 . Influenza potential cases reported by three surveillance systems (EDO, RMC, CCU).
Fig. 2. Scatter plot of reported cases in EDO and EMS call centre (CCU).
be taken into account in models of syndromic surveillance (13) . Also, real time surveillance systems have been developed (15) . In our study we assume that it could be feasible to develop in the future automatic surveillance systems related to different acute communicable diseases according to a combination of different symptoms, using the daily emergency calls. Regarding syndromic surveillance and mobilization of health resources (ambulances) there are very few previous studies. In two articles, both agree that ambulance dispatches and notifications of influenza in cities that have conducted studies showed similar patterns and the system has high sensitivity detection (16, 17) . This is congruent with our findings. However, most surveillance systems based on telephone calls are mainly related to health telephones helplines, instead of emergency call centre as in our study (18) . This shows the feasibility of developing syndromic surveillance systems based on emergency calls, which probably would be more efficient because it is not necessary to create new phone systems as parallel call centres.
The EMS have usually been related to quick response to acute emergencies. However, the huge quantity of health data managed by emergency call centres in real time makes necessary to study the relationship between public health and the EMS as a surveillance system that complement other traditional surveillance systems. There have been previous studies showing that ambulance dispatch could be used as a surveillance system for influenza (16) or as general early warning system (19) .
In our system we use calls to the emergency call centre as a potential tool for epidemiological surveillance with the limitation that they are related to individual personal complaints of the patient. However, this fact, which could be interpreted like a limitation, is an advantage in the sense that you use your daily emergency call centre as a surveillance system, and you do not have to create new structures to develop a surveillance system. Also, the fact that you use personal physical complaints makes it to be well adapted to real data and trends.
When analysing our data, it is expected to find a strong correlation between the EDO and RMC, because those are systems used and tested to monitor influenza with very good results for many years in Spain. However, correlation between "case calls" and EDO and "case calls" and RMC demonstrate the relationship between calls to the emergency call centre and surveillance for influenza. This correlation is even stronger by the fact that we have used two seasonal influenza periods with different biological patterns.
CONCLUSIONS
Emergency call centre could be potentially used to complement epidemiological surveillance of seasonal influenza and perhaps some other acute communicable diseases if a set of proper symptoms and complaints is found and coded in the call centre. In term of temporal trends, it seems that our emergency call centre detects one week in advanced the peak of the seasonal influenza, related to the EDO and RMC. This aspect is important in order to manage and plan resources in primary health care, hospital care and emergency care. However, it probably could not be used alone as a surveillance system unless automated detection system is developed as a software to be implemented in the same software that manage daily emergency calls.
